Abstract -Design of power system protection depends on the configuration of the system, the specifications the system must meet and the constraints that must be satisfied. This paper presents a novel approach in the development of an intelligent system in the protection area of power system. The architecture of the system is generic and is based on multi agent paradigm in an object oriented environment and utilises a multi knowledge representation scheme in a case based framework. A case represents a protection design scheme for a particular component of a power system. In this paper, busbar and line protection is considered under typical constraints and specifications. Agents can be regarded as intelligent entities which specialise in specific components of the power system and are responsible for generating partial solutions. The final solution to the design of a protection system is obtained by coordinating the partial solutions.
The expert system paradigm has increasingly been used in the development of power system applications. The areas of interest include power system management, system restoration, forecasting, protection, control, distribution, transmission, communication, scheduling, monitoring, security and many more. However, the number of research projects in intelligent power system protection is relatively small. These include application and simulation systems developed for setting calculations for distance protection in zones 2 and 3, load forecasting, distance relaying, alarm processing, fault analysis and transformer protection [ 1, 5, 8, 10, 111. However, it is worth noting that: (i) most of the applications are expert system applications which basically employ production rules with backward and/or forward chaining processes; (ii) applications concentrate mainly on the analysis of power systems eg. alarm processing, fault calculations and relaying. It follows that comparatively few knowledge based or decision support systems have been developed and very few applications actually involve the design and analysis of the performance of protection systems.
Expert systems have been successfully applied to well defined problems. Major difficulties arise however, when 0-7803-3 115-X/96$5.00 0 1996 IEEE. dealing with problems which are ill defined and, at the same time, are highly diversified. The difficulties are due to [2]:
Building and maintaining the consistency of a complex rule based system; Integrating various knowledge representations and different reasoning strategies used; Restricting the problem domain of an expert to a specific area.
Some of the expert systems developed in the protection area are discussed in [4, 91. Most of these systems involve a large number of formal expert rules. To maintain such knowledge bases which may involve frequent or numerous updates would be very difficult if not impossible task. An example of an application system which uses relations to represent domain knowledge for power system is called CAPE [3] . CAPE is a productivity tool developed on InterBase -a commercial relational database management system -consisting of a large number of tables. However, the process of updating and querying such tables could be slow whilst maintaining consistency and integrity of the database could prove cumbersome. In general, there are small number of applications [7, 10, 151 that focus on assisting engineers in the design and assessment of protection schemes. Both [7, 101 are relatively small systems that focus only on transformer protection and utilise production rules. However, such applications may be expanded to include verification of protection systems, calculation of relay settings and display of relay information. This paper presents a generic architecture for power system protection based on multi agent paradigm. The architecture consists of a number of distributed expert systems, also known as intelligent agents, embedded in an object oriented environment. The agents utilise a multi knowledge representation scheme within a case based framework and employ a multi paradigm reasoning strategy to improve problem solving. The multi reasoning strategies include case based, rule based, explanation based and argumentation (reasoning under uncertainties). Moreover, the system also utilises a blackboard which forms an integral part of the system. A blackboard is a global database where selected cases for problem solving are recorded. The blackboard is used as a medium for communication and as an integration platform for posting and coordinating partial solutions. The proposed system called ISPP (Intelligent System for Power Protection) is intended to assist engineers in the design, selection and analysis of protection schemes. It could also be used as a training or learning tool for inexperienced engineers and new graduates in protection area. Systems such as ISPP cannot be used to replace protection engineers but it represents a very practical and useful system in industries where the supply of protection engineers are low or their expertise are not easily available.
PROTECrlON of POWER SYSTEMS
Protection for power system is basically viewed as integrated and coordinated protection for all parts of power system. There are varieties of protection schemes available and each scheme depends on factors such as location and importance of the power system, the components to be protected, economic constraints, availability of resources, budget allocation, utility policies and implementation cost.
The design of protection scheme for power system is not a simple task. It represents tedious work that requires a great deal of expertise and experience on the part of the engineer. In addition, the decisions regarding protection are at most times subjective and follow 'rules of thumb. The protection schemes for power system elements must be designed so that the system meets the reliability requirements, speed and selectivity as set by the system operating constraints [ 151.
The possible implications of an incorrect protection operation or even delayed fault clearance can be disastrous. Such events will progressively multiply and their likely consequences and effects will continuously increase. Fault conditions are usually not simple events and may have a multiplicative effect on other parts of the system. Therefore, it is imperative that proper and adequate protection to all parts of the power system must be provided.
Given the brief account of the responsibilities of a protection engineer and the protection requirements for a power system, the approach proposed in this paper advocates integration of various methodologies when developing ISPP.
OVERVIEW of ISPP
The system's architecture consists of a group of loosely coupled and decentralised problem solving agents. The system is a distributed knowledge based system where agents have to cooperate and combine their knowledge. The agents are organised in a hierarchical structure and employ multi paradigm reasoning strategy to solve their individual tasks. The system incorporates a blackboard as an integration platform to facilitate problem solving ie. the coordination and integration of partial solutions into a single coherent design solution.
The system has three types of agents: Initiator, Control and Case agents. The expertise required to solve the domain problems is partitioned among domain-specific agents. Each agent architecture differs in the structure and organisation of the knowledge. The knowledge base is functionally separated into domain knowledge and inference knowledge. The domain knowledge contains facts and rules about the domain but it provides no information about how the knowledge should be utilised. The inference knowledge 161 with built-in reasoners is required to specify the inference relations. The advantages of this separation include simplicity in the representation and maintenance of the knowledge, reusability is encouraged, acquisition and modifications to any part of the knowledge can be achieved independently without any side effects on the other part of knowledge. The Initiator agent interacts with the user or an extemal program. The user may specify the type of problem to be solved or alternatively, an external program could provide the system with the parameters of a power system. Using the input, a problem case is constructed. A problem case represents the specification and features of a component of the power system for which the protection scheme has to be designed. The Initiator agent initiates the problem solving task by decomposing the problem and assigning the various (sub) tasks to the appropriate Case agents. At the same time, the identity of the Case agents are posted onto the blackboard.
The Case agent may represent an expert system in busbars, lines, generators or any part of the power system requiring protection. It attempts to solve a problem by first applying its previous experiences. This is accomplished by retrieving similar cases from the case library. An example is illustrated in section 3.3.1. The case library forms part of the distributed knowledge which stores historical cases. All new cases that are different from the existing cases in the case library will be automatically stored in the library. When no similar cases are retrieved, problem solving begins from scratch. In addition to the built-in knowledge, the Case agent also has access to a shared domain knowledge that contains facts about the domain. This knowledge includes related information provided by different manufacturers on the type of relays available in the market place.
The Control agent is responsible for coordinating all the cases that are posted to the blackboard. In coordinating the cases, the Control agent may need to modify or adapt the cases. However, modifications would not be carried out if they have an adverse effect on other cases. In this instance, the case is returned to the originating Case agent for rebuilding. Once a solution is built, the user may request an explanation about a particular scheme.
I Agent Architecrure
Object oriented processing provides support for data abstraction, knowledge encapsulation, inheritance, reusability, extensibility and modularity. The message passing capability of object oriented processing allows the system to keep knowledge about the domain separate from the knowledge about reasoning. Using this model, agents can be structured using classes. Fig. 2 shows the architecture of a Case agent in the system. The domain knowledge represents the agent knowledge and expertise in a specific area of the domain. The inference knowledge is the knowledge applied to task management and decision making. The work area is similar to the human short term memory in which temporary data are registered whereas the control is akin to the human mind. The control is responsible for scheduling the agent activities. It is also responsible for calling the appropriate reasoning strategy (in the inference knowledge) and applies the domain knowledge to solve problems. The Case agent has an additional feature, which differs from the Initiator and Control agents. It is capable of storing historical cases in its memory. The memory (also known as case library) is similar to the human long term memory and it represents the agent acquired and accumulated experiences. The case library is divided into two memory sections: primary and secondary. The primary stores the latest and frequently retrieved cases, whereas the secondary stores old cases that have not been used for a defined period of time. Retrieval is carried out from the primary memory only. In situations where there is no similar cases found, retrieval is then performed on the secondary memory. This organisation and memory management is meant to provide a more efficient and faster retrieval process.
ARenr Functions
The agents in the system have special responsibilities and each of them has been designed to perform certain functions. To enable the agent to execute its functions more effectively, the inference knowledge of the agent is organised into a number of distinct layers. In fact, each inference layer represents a different reasoning strategy. A detailed discussion of the multi reasoning strategies will be presented in a separate paper.
The Initiator agent mainly employs rules to carry out its functions.
Its main responsibilities include problem decomposition, distribution of tasks to the Case agents and writing the identity of the Case agents onto the blackboard. If data is to be input by a human operator, the Initiator agent will direct the operator to interact with the appropriate Case agent.
The Case agent is responsible for generating a solution to a specific task. 'It uses case based reasoning to retrieve similar cases from the case library and then tries to adapt the solutions. However, if there are too many cases retrieved, it automatically sieves through them in order to reduce the number of potential candidate solutions. As a consequence, a predefined number of cases that best match the current problem will be chosen. This improves the efficiency of problem solving. If no similar cases are found, the Case agent will construct a new case from first principles.
The Control agent also employs multi paradigm reasoning strategy which includes rules, argumentation and explanation based reasoning.
Its responsibilities are coordinating and possibly modifying the cases in the blackboard to produce a coherent and integrated solution. The Control agent is also capable of providing an explanation of how a solution has been derived.
Operation of the system
A prototype has been developed on Unix platform using an object oriented database management system, called 0 2 . 0 2 is based on C language, and it comes with a complete development environment which provides the object oriented platform for implementing ISPP. At this stage, the prototype represents a part of the power system which includes the busbar and the line components only. The following agents have been implemented -Initiator, Busbar, Line and the Control agents.
The type of protection schemes applicable for each component depends on the component's position in the 'Fuzzy technique could be applied to select the most appropnate case as a possible candidate since the selection of best matched cases I S usually fuzzy and indeterministic power system. If the system involves several components, design normally commence with the downstream component and coordination will be required as well.
The flowchart shown in Fig. 3 depicts the system operation. Consider the situation where the user wants to design a protection system for a busbar. Given the information on the current transformers (cts), requirements for back-up protection and so on, the system will search for similar cases. If found, the solutions of the retrieved cases will be applied and adapted to the given busbar configurations and presented as the possible design solutions. If the adapted solution is not acceptable or no similar case is found, the system applies its domain knowledge to derive the design solution from first principles. In this instance, more information with regards to the busbar will be required. Fig. 3 . The flowchart of the system operation The following section shows an example run of the program, which also illustrates the agents activities and interactions.
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I Illustrution ofu Program Run
Let's say the problem is to design a protection system for a bus with a line located upstream as shown in Fig. 4 .
In this illustration, the bus is required to provide backup protection to an existing system located downstream from the bus, while the line requires a backup protection from an existing system located upstream from it. The program starts with the user specifying the power system or part of a power system that needs protection to the Initiator agent (IA). The IA decomposes the problem and distributes the tasks to the appropriate Case agents, ie. Bus and Line agents (BA and LA) and writes on the blackboard. Upon receipt of the assigned task, the BNLA will interact with the user for more information regarding the new designs. Typical questions include name of component, remote back-up protection, availability of dedicated cts, cts ratio, likelihood of the cts to saturate, total clearance time required. After the interaction, the BALA then commence the design process. Each agent will first attempt to retrieve similar designs from its memory and if successful, will adapt the retrieved cases to the requirements of the current system. Otherwise, the agent will construct the protection scheme from first principles. *When the BALA completes its assigned task, it then sends the completed case to the blackboard.
When both the BA and LA have completed their designs, the Control agent (CA) will first of all, attempt to coordinate the cases, which may require some modifications. If the modifications are too costly or complicated, the CA will send the case back to the originating Case agent for rebuilding and the design process is repeated.
ADVANTAGE OF THE AGENT BASED ARCHITECTURE
Due to the nature of the distributed system, each agent contains only partial domain knowledge and hence, the agent can be kept separate and independent. This means changes to the agent architecture can be made independently without affecting other agents. The distributed paradigm allows complex problems to be decomposed into manageable tasks. In addition, the best suited paradigm for solving specific tasks can be encapsulated within an agent. The problem solving capability is further enhanced by integrating the domain knowledge with past experiences, ie. using case based paradigm.
3Applying case based reasoning technique enables the Case agents to dynamically increase their knowledge and experiences. This new experiences can then be used to solve a wider range of problems. Furthermore, case based systems can handle incomplete information or missing data quite well [ 131; that is, the features of the missing values will not be used in the retrieval process. If the solution or outcome of the retrieved case(s) is acceptable, then the missing value is proved to be unimportant. Otherwise, a new solution can be derived using some other reasoning technique.
If no simllar deslgns remeved, the B A L 4 will request more demls regarding the system to be deslgned from the user and bulld a new design from first pnnclples 'Artlficlal neural nets could also be possibly used In agents learning
The decomposition of the problem into domain specific tasks increases the efficiency of problem solving [ 141. This approach is far more superior than the conventional approach which involves the construction of a single large expert system which has to perform all the tasks of problem solving. It is even more effective when implemented in a parallel processing environment. The latter type of systems are too monolithic and inflexible, and are usually not sustainable to any changes in the knowledge base.
In general, other merits of using distributed architectures include reduction in the complexity of control and execution of problem task, increased modularity, speed, reliability and reusability.
Furthermore, knowledge acquisition becomes simpler, that is, it is easier to find experts in narrow and specialised domain and if the system fails, degradation of the system performance would be graceful (soft crash rather than hard crash).
Other advantages of ISPP architecture is the use of ob.ject oriented paradigm which has provided a number of advantages particularly in the areas of modelling and system construction. As stated earlier, the agents can be structured and organised easily and efficiently into classes while their domain and inference knowledge can be encapsulated in each class more naturally.
CONCLUSION
This paper presented a multi agent system which integrates case based and object oriented approaches in the development of a distributed intelligent system in the area of power system protection. The approach has been discussed with a number of protection engineers. It appears that case based methodology closely resembles the approach employed by the engineers when designing protection schemes. The prototype implemented so far has been tested and is still undergoing refinement. The protection schemes designed by the system have been critically examined and evaluated by the protection experts. However, more tests still need to be carried out before the prototype is fully implemented.
One of the main advantages of ISPP architecture is the increased modularity due to distributed control and the integrated approach, which makes the system more manageable and easier to maintain. The employment of agents to carry out domain specific tasks enables complex problems to be solved more effectively and efficiently. It also offers more flexibility, integrity, robustness and many other advantages over and above conventional approach which involves only one single large expert system.
The object oriented technique has assisted in the modelling and development of the system. The system can be readily implemented with the mechanisms offered by object orientation such as software reusability, inheritance, encapsulation, modularity and thus can be easily modified or expanded. Furthermore, the employment of multi paradigm reasoning strategies allows the system not only to choose the appropriate strategy but also to switch between the reasoning paradigms, thus mimicking the behaviour of a human expert.
For the future, further refinements to the agents have been proposed and also the introduction of additional Case agents eg. Transformer, Generator and Motor.
